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[57] ABSTRACT 
A process for diagnosing the presence of hypertension 
or a predisposition to hypertension in a mammal com 
prises detecting the presence in a body fluid of the mam 
mal of at least one protein associated with hypertension 
wherein the protein has a relative molecular weight of 
about 10,000 daltons to about 17,000 daltons. In hu 
mans, the process detects the presence of or predisposi 
tion to essential hypertension as distinguished from 
secondary hypertension. A preferred analytical method 
is discontinuous sodium dodecyl sulfate polyacrylamide 
gel electrophoresis. 

18 Claims, 12 Drawing Figures 
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PROCESS FOR DETECTING PROTEINS SPECIFIC 
TO HYPERTENSION IN MAMMALS 

‘ BACKGROUND OF THE INVENTION 

This invention relates to a new means for diagnosing 
the existence of or the predisposition to hypertension in 
a mammal, and more particularly, in a human. By use of 
the diagnostic process described and claimed herein, in 
humans it is possible to determine the existence of or 
predisposition to essential hypertension as opposed to 
secondary hypertension. The invention includes as a 
preferred embodiment an electrophoretic process for 
detecting and identifying speci?c proteins associated 
with mammalian hypertension in body ?uids which 
were previously undetected and unidenti?ed. 

Hypertension is excessive blood pressure in the arte 
rial system which, if left untreated, leads to disability 
and premature death. Hypertension is generally divided 
into two broad categories, essential hypertension and 
secondary hypertension. Essential hypertension is a 
familial or genetic form of elevation of blood pressure 
of unknown cause. Secondary hypertension is hyperten 
sion of known organic origin such as that associated 
with renovascular or renal parenchymal disease. The 
management for essential hypertension differs from that 
used for secondary hypertension. 
By the diagnostic process disclosed and claimed 

herein, it will be possible to differentiate whether a 
patient who has hypertension is suffering from essential 
hypertension or from secondary hypertension. Further, 
by the process of the present invention, it will be possi 
ble to determine which patients may be predisposed to 
essential hypertension, although they presently may not 
have elevated blood pressure. 

Hypertension is a disease of epidemic proportion 
affecting some 60 million people in the United States. 
Hypertension is a major risk factor in the eventual de 
velopment of signi?cant atherosclerotic complications, 
namely, myocardial infarction and stroke. Accordingly, 
It is very important to be able to diagnose and properly 
treat hypertension, whether it is essential hypertension 
or secondary hypertension. In addition, hypertension 
costs the United States more than 8 billion dollars a year 
in medical costs, lost ‘productivity and lost wages. A 
signi?cant amount is spent on cost-ineffective investiga 
tions directed to exclude secondary hypertension asso-‘ 
ciated with a variety of causes. However it is only by 
exclusion of evident causes that diagnosis of essential 
hypertension can be made. This invention is directed to 
a de?nite and cost-effective process for the detection of 
a biochemical marker or markers of essential hyperten 
sion. 

This invention has primary use in the clinical manage 
ment of human patients. However, the treatment of 
other mammals, such as pets and livestock, is also con 
sidered to be within the scope of this invention. 
The dividing line based on blood pressure measure 

ments between normotension (normal blood pressure) 
and hypertension is not clear. While certain guidelines 
have been proposed, there is no absolute blood pressure 
above which it can be said that high blood pressure or 
hypertension exists. This is important in that patients or 
other mammals who are considered normotensive may 
in fact be hypertensive, and vice versa. Thus, some 
patients should be treated for hypertension and others 
should not when the same blood pressure is exhibited. 
The present invention will help alleviate the grey area 
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2 
between normotension and mild hypertension. More 
over, even when a patient undoubtedly has hyperten 
sion, there is frequently no convenient or certain 
method for determining whether the hypertension is the 
disease (essential hypertension) or whether it is caused 
by another disease (secondary hypertension). Since the 
managements differ, it is important to know which type 
of hypertension a patient has. The present invention 
allows this determination. 
The 'present invention is primarily directed to the 

detection of proteins associated with hypertension in 
humans and in mammals generally. The preferred pro 
cess is the use of high resolution discontinuous sodium 
dodecyl sulfate (sodium dodecyl sulfate will be abbrevi 
ated “SDS” hereinafter) polyacrylamide gel electro 
phoresis, although other qualitative, and quantitative 
methods for the detection of proteins in body ?uids may 
be used. 
SDS' polyacrylamide gel electrophoresis is a tech 

nique that has been used in analyzing protein compo 
nents of eukaryotic and prokaryotic preparations. For 
example, see Laemmli, U. K., Nature 277: 680-685, 
1970; Ames, G. F. L., Journal of Biological Chemistry 
249: 634-644, 1974; Weingarten, M. D., Lockwood, A. 
H., Hwo, S. Y. & Kirshner, M. W., Proceedings of the 
National Academy of Sciences, U.S.A. 72: 1858-1863, 
1975; Sloboda, R. D., Dentler, W. C. & Rosenbaum, J. 
L., Biochemistry 15: 4497-4505, 1976; and Fernandes, 
P. B., Nardi, R. V. & Franklin, S%. 6., Analytical Bio 
chemistry 91: 101-114, 1978. 

Despite these investigations, it is believed that prior 
to the present invention no one has considered using an 
electrophoretic gel process for determining the differ 
ences between normotensive and hypertensive mam 
mals or the differences between mammals having essen 
tial hypertension and mammals having secondary hy 
pertension. It is believed that this is partly because it is 
generally accepted that essential hypertension repre 
sents high blood pressure without evident cause, so that 
a speci?c search for biochemical “markers of disease”, 
such as the proteins detected and identi?ed herein, did 
not appear relevant. Furthermore, until the inventors 
discovered the existence of proteins associated with at 
least a predisposition to hypertension, no one could 
have conceived of a method of detecting and/or identi 
fying them. 

Electrophoretic gel analysis has been used to detect 
other diseases or pathological problems (see, for exam 
ple, US. Pat. No. 3,607,695 of Schneider, issued Sept. 
21, 1971 and US. Pat. No. 3,687,833 of Parcells et al, 
issued Aug. 29, 1972), but the use of gel electrophoresis 
has not been considered with respect to the determina 
tion of factors affecting hypertension. 

SUMMARY OF THE INVENTION 

The present invention is based upon the discovery 
that a particular protein (or proteins) in body ?uids is 
associated with hypertension in mammals, including 
human patients. The inventors have discovered that the 
protein or proteins are biochemical markers for patients 
with or predisposed to essential hypertension, as com 
pared to secondary hypertension. 
The present invention comprises a process for diag 

nosing the presence of hypertension or a predisposition 
to hypertension in a mammal comprising detecting the 
presence in a body ?uid of the mammal of at least one 
protein associated with hypertension, the protein hav 
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ing a relative molecular weight of about 10,000 daltons 
to about 17,000 daltons. 

In a preferred embodiment, the protein is detected by 
discontinuous SDS polyacrylamide gel electrophoresis. 
A further preferred technique is to use a gradient of 
concentrations of polyacrylamide gel as the resolving 
gel in the electrophoretic technique. Additionally, an 
other preferred method of detecting the protein or pro 
teins associated with hypertension is to use a horizontal 
polyacrylamide gel concentration gradient technique 
wherein there is in the horizontal gradient gel a protein 
band representative of the protein associated with hy 
pertension which displays migration of the protein asso 
ciated with hypertension from a ?rst position corre 
sponding to a ?rst relative molecular weight to a second 
position corresponding to a second relative molecular 
weight greater than the ?rst relative molecular weight. 
This may be displayed on the horizontal gradient gel by 
a protein band which crosses over or approaches an 
adjacent protein band. This is a very unusual occur 
rence and is characteristic of the protein associated with 
hypertension in the relative molecular weight range of 
about 10,000 daltons to about 17,000 daltons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Photographs and ink drawings are provided for the 
purpose of illustrating a preferred analytical technique 
according to the present invention. It should be under 
stood, however, that this invention is not. limited to the 
precise techniques, determinations and results illus 
trated in the photographs and drawings. 7 
FIG. 1 is a photograph of a SDS polyacrylamide gel 

comparing protein bands representative of proteins 
present in blood plasma from a spontaneously hyperten 
sive rat with protein bands representative of proteins 
present in blood plasma from a normotensive control 
rat. 

FIG. 2 is an enlargement of the lower portion of FIG. 
1 which is of primary interest. . 
FIG. 3 is a scan of the photograph of FIG. 1 using a 

soft laser scanning densitometer in a high resolution 
mode. 
FIG. 4 is a photograph of a SDS polyacrylamide gel 

comparing protein bands representative of proteins in 
urine from a spontaneously hypertensive rat with pro 
tein bands representative of proteins present in urine 
from a normotensive control rat. 
FIG. 5 is photograph of a SDS polyacrylamide gel 

comparing protein bands representative of proteins in 
urine from a rat made hypertensive by a surgical tech 
nique to serve as a model of secondary renal hyperten 
sion with protein bands representative of proteins pres 
ent in urine from a normotensive control rat subjected 
to a sham surgical operation. 
FIG. 6 is a photograph of a SDS polyacrylamide gel 

comparing protein bands representative of proteins in 
blood plasma of rats made hypertensive by a surgical 
technique to serve as models of secondary renal hyper 
tension with protein bands representative of proteins in 
blood plasma from a normotensive control rat, and from 
a hypertensive rat rendered normotensive by removal 
of the ischemic kidney. 
FIG. 7 is an enlargement of the lower portion of FIG. 

6 which is of primary interest. 
FIG. 8 is a scan of the photograph of FIG. 6 using a 

soft laser scanning densitometer in a high resolution 
mode. v 
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4. 
FIG. 9 is a photograph of a SDS polyacrylamide gel 

comparing protein bands representative of proteins in 
blood plasma from humans with essential hypertension 
with protein bands representative of proteins present in 
blood plasma from humans who are normotensive and 
from humans with secondary hypertension. 
FIG. 10 is a photograph of a SDS polyacrylamide gel 

having a uniform concentration of polyacrylamide 
comparing protein bands representative of proteins 
present in blood plasma from humans with essential 
hypertension with the protein bands representative of 
proteins present in blood plasma from normotensive 
humans and from humans with secondary hypertension. 
FIG. 11 is a photograph of a SDS polyacrylamide gel 

using a horizontal polyacrylamide gel concentration 
gradient showing protein bands representative of the 
migration of proteins present in blood plasma of a nor 
motensive human. 
FIG. 12 is a photograph of a SDS polyacrylamide gel 

using a horizontal polyacrylamide gel concentration 
gradient showing protein bands representative of the 
migration of proteins present in blood plasma from a 
human with essential hypertension. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will be described with respect 
to a particular process for diagnosing the presence of 
hypertension or a predisposition to hypertension in a 
mammal comprising detecting the presence in a body 
fluid of the mammal of at least one protein associated 
with hypertension, the protein having a relative molec 
ular Weight of about 10,000 daltons to about 17,000 
daltons. 
The particular process described in detail herein is 

the process of discontinuous SDS polyacrylamide gel 
electrophoresis. However, it should be understood that 
the process for diagnosing the presence of the particular 
protein or proteins associated with hypertension need 
not be limited to SDS polyacrylamide gel electrophore 
sis, electrophoresis techniques in general, or any other 
particular process or technique for determining the 
existence of the protein or proteins associated with 
hypertension. Thus, once the discovery upon which this 
invention is based becomes known, any suitable tech 
nique for detecting the presence of the protein or prote 
ins associated with hypertension will be satisfactory. As 
explained hereinbefore, the discovery upon which this 
invention is based is that there is at least one particular 
protein in a mammal’s body ?uid which is associated 
with hypertension, and with respect to humans, the 
protein is associated only with essential hypertension. 
Thus, the protein, once identi?ed, will be a “marker” 
for the disease. Anyone who is capable of detecting and 
identifying the marker protein by any analytical tech 
nique, be it qualitative or quantitative, will be using this 
invention. 
SDS polyacrylamide gel electrophoresis has been 

chosen as a preferred diagnostic process for detecting 
the presence of the protein or proteins associated with 
hypertension because it is a readily available technique. 
The equipment and reagents used in SDS polyacryl 
amide gel electrophoresis are readily available commer 
cially and presently form part of the standard equip 
ment of many clinical laboratories. Additionally, a large 
number of samples of body fluids can be run simulta 
neously, efficiently and economically using standard 
SDS polyacrylamide gel electrophoresis equipment. 
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Other suitable methods of detecting and identifying the 
presence of a protein or proteins associated with hyper 
tension may be the well-known analytical techniques 
including, for example and not by way of limitation, 
various chromatographic techniques, such as high pres 
sure liquid chromatography, thin layer chromatogra 
phy, starch gel chromatography, silica gel chromatog 
raphy; other types of electrophoresis, such as starch gel 
electrophoresis, silica gel= electrophoresis; antibody 
antigen interactions and related immunological technol 
ogy such as immune precipitation, immune electropho 
resis, enzyme-linked immunosorbent assay and'radioim 
munoassay, and the like. Several of the electrophoretic 
and chromatographic techniques which are suitable for 
use in detecting the protein or proteins associated with 
hypertension are described in Smith, L, Ed.', Chromato 
graphic and Electrophoretic Techniques, Volume II, 
Zone Electrophoresis, 4th Edition, Year Book Medical 
Publishers, Inc., Chicago, 1976; Chapter 12, Payne, J. 
W., “Electrophoresis of Proteins on Sodium Dodecyl 
Sulphate Polyacrylamide Gels” generally describes the 
preferred process used with the present invention. 
The preferred process‘ of detecting proteins associ 

ated with hypertension is an electrophoretic determina 
tion. A small sample of the body ?uid to be tested is 
applied to a solid electrophoretic support medium, pref 
erably SDS polyacrylamide gel. It will be understood, 
however, that other support media may be used, such as 
for example cellulose acetate, cellulose nitrate, agar, 
agarose, paper, cellulose, silica gel, starch gel, and the 
like. ' 

, The apparatus used for discontinuous SDS polyacryl 
amide gel electrophoresis is widely available commer 
cially, such as from Aquebogue Machine & Repair 
Shop, Aquebogue, N.Y. It generally comprises two 
glass plates separated from each other by spacer strips 
of inert material, such as methyl methylacrylate. The 
spacer strips are used between the plates along each side 
edge and the bottom edge. The assembly is clamped 
together and the edges are sealed such as by dripping 
agar or the like around the outside edges. 
A resolving gel is poured between the plates until the 

space between the plates is approximately 75% to 90% 
full. After the gel has set, an inert spacer in the shape of 
a comb is inserted between the ‘plates at the upper por 
tion thereof to form sample wells to receive samples of 
the body ?uid to be tested. A spacer gel is poured be 
tween the plates around the comb and allowed to set. 
The comb and the bottom spacer strip are then re 
moved. 
The sample receiving apparatus is then clamped in an 

electrophoresis apparatus so that an upper chamber of 
electrode buffer is in contact with the gel at the upper 
portion of the sample receiving apparatus and a lower 
electrode buffer is in contact with the gel at the lower 
portion of the sample receiving apparatus. A cathode is 
immersed in or connected to the upper buffer container 
and an anode is immersed in or connected to the lower 
buffer container. Either constant current or constant 
voltage may be applied to the anode and cathode to 
cause the migration of proteins in the body ?uid sample 
through the gel. The use of constant current is presently 
preferred. The amount of the current or voltage is well 
known to those of ordinary skill in the art. Typical 
currents are 30 milliamperes which is used for a run 
lasting about 4 to 4.5 hours. 8 milliamperes can be. used 
for a run lasting about 16 to about 17 hours. Typical 
voltages are 30-300 volts. The‘ current or voltage is 

0 

25 

40 

45 

50 

60 

6 
maintained until the deired degree of migration of the 
proteins in the sample is achieved. 
The general technique for preparing the resolving 

gel, spacer gel, electrode buffer and sample buffer are 
well known to those of ordinary skill in the art, having 
been described in Laemmli, U. K., Nature 227: 680-685, 
1970; and Fernandes P. B., Nardi, R. V. and Franklin, S. 
6., Analytical Biochemistry 91: 101-114, 1978. 
An example of a suitable resolving gel includes the 

following ingredients. An acrylamide-bis-acrylamide 
stock solution is prepared using 60 g acrylamide and 1.6 
g N,N’-methylene¢bis-acrylamide per 100 ml of solu 
tion, the balance being water. Other formulations are 
possible. For example, other cross-linking agents may 
be used instead of N,N’~methylene-bis-acrylamide, such 
as, for example, dihydroxyethylene-bis-acrylamide or 
bis-acrylylcystamine. As the cross-linking agent and the 
ratio of cross-linker to the monomer is changed, differ 
ent characteristics result which can be tailored as de 
sired by one of ordinary skill in the art. The ratio of 
monomer to cross-linking agent, such as acrylamide to 
N,N’-methylene-bis-acrylamide determines the sieving 
property of the gel and thereby the optimum resolution 
conditions. 
The polymerization of the acrylamide and N,N’ 

methylene-bis-acrylamide solution is catalyzed by N, N, 
N’, N’-tetramethylene diamine (hereinafter “TEMED”) 
and ammonium persulfate (hereinafter “APS”). Ribo?a 
vin and light may also be used to catalyze polymeriza 
tion of the acrylamide gel. The resulting gel also con 
tains Tris-HCl buffer with pH 8.8, SDS, and glycerol, if 
desired forpurposes discussed hereinafter. 
As used herein, the term “%” tor “percent” means the 

weight to volume percent of the particular ingredient in 
the composition or component being described, unless 
otherwise indicated in the context of the description. 
Thus, for example, the following description is directed 
to the percentage of the ingredients in the resolving gel 
and the percentage of each is the: ?nal percentage of the 
ingredient in the resolving gel. 
The Tris-HCl may be adjusted to yield a ?nal concen 

tration of about 0.15 M to about 0.75 M in the gel. The 
presently preferred concentration is 0.375 M. The SDS 
concentration may be adjusted to a ?nal concentration 
in the gel of up to about 0.5%, 0.1% being presently 
preferred. The acrylamide portion of the gel (and 
hence, the polyacrylamide gel) may be adjusted to have 
a uniform acrylamide concentration or a gradient of 
acrylamide concentration. When a uniform'acrylamide 
concentration is used, it should be present in about 10% 
to about, 20% to detect the speci?c variation in protein 
composition in samples of body ?uids from mammals. 
The presently preferred uniform concentration of acryl 
amide is about 13% to about 14%. Uniform concentra 
tions of acrylamide above 20% are possible, but do not 
appear to be more advantageous. 

Gradients of acrylamide concentration may be used 
in the resolving gel with various end concentrations 
between about 5% and about 30% to detect speci?c 
variation in protein compositions in samples of body 
?uids from mammals being tested. Gradients of acryl 
amide concentration may be adjusted exponentially or 
linearly for example. Examples of satisfactory gradient 
concentrations of acrylamide include exponential gradi 
ents of about 8% to about 25%, about 12% to about 
20%, and about 12% to about 30%; and linear gradients 
of about 10% to about 25%. Glycerol is not necessary 
but may be added to the acrylamide to stabilize the 
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gradient concentrations when gradient concentrations 
are being used. The glycerol may be used in amounts of 
up to about 10%. 
The spacer gel includes Tris-HCl buffer with pH 6.8, 

SDS, and acrylamide prepared from the stock solution 
of acrylamide and bis-acrylamide. The polymerization 
of the acrylamide solution is catalyzed with TEMED 
and APS. The acrylamide concentration may vary be 
tween about 3% and about 6%, 6% being the presently 
preferred concentration, since above 6% higher molec 
ular weight proteins are sieved. The concentration of 
the Tris~HCl buffer may be adjusted to be about 0.060 
M to about 0.250 M, 0.125 M being presently preferred. 
The SDS concentration is the same as in the resolving 
gel. 
An electrode buffer solution is poured into the upper 

and lower buffer chambers of the electrophoresis appa 
ratus. The electrode buffer solution is prepared by add 
ing 3.0 g of Tris, 14.4 g. glycine, SDS to a ?nal concen 
tration in the electrode buffer solution of 0.1%, and a 
sufficient amount of water to bring the total volume of 
the electrode buffer solution to 1 liter. The electrode 
buffer solution has an approximate pH 8.3. The concen 
trations of Tris and glycine may be doubled to change 
the time it takes for the proteins to migrate. 
Body ?uids to be tested for the presence of at least 

one protein associated with hypertension may include 
urine, blood plasma, blood serum or any other protein 
containing body fluid. A sample of a body fluid to be 
tested, diluted if desired with deionized water, is mixed 
with an equal volume of sample buffer to give a sample 
solution. One composition for a suitable sample buffer 
includes about 0.050 M to about 0.125 M Tris-HCl pH 
6.8, a preferred amount being 0.050 M; about 5.0% to 
about 20% of glycerol, a preferred amount being 10%; 
about 1.0% to about 8% of SDS, a preferred amount 
being 4%. Prior to boiling the sample solution, a track 
ing dye, such as bromophenol blue, is used in the sample 
buffer. Other suitable dyes may be used instead of bro 
mophenol blue. A reducing agent, such as Z-mercaptoe 
thanol (having a ?nal concentration in the total sample 
solution of about 5% to about 10%) is added. Other 
reducing agents such as dithiothreitol, dithioerythritol, 
etc., may be used to reduce the disul?de bonds in the 
amino acid groups in the proteins. 
The sample solution is boiled for about 2 to about 5 

minutes in a capped tube. After cooling, an aliquot of 
each of the various sample solutions are placed in each 
of the sample wells in the spacer gel, the current is 
applied and electrophoresis is performed. When the 
tracking dye and the proteins have migrated an appro 
priate distance, the current is shut off and visualization 
of the protein bands as illustrated in FIG. 1, for exam~ 
ple, is produced by standard Coomassie Brilliant Blue R 
250 staining procedures. The gels may then be analyzed 
and dried. The gels may be photographed for recorda 
tion and/ or analysis. 
The invention will now be described in more detail 

with reference to the following speci?c, non-limiting 
examples relating to the procedure, results and analysis 
of exemplary body fluids, namely urine and blood 
plasma, from laboratory rats and human patients. 

Example 1 
This example is representative of experiments done 

with two groups of laboratory rats to compare the pro 
teins in the blood plasma of genetically bred hyperten 
sive rats with the proteins present in the blood plasma of 
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8 
normotensive control rats. The results of a discontinu 
ous SDS polyacrylamide gel electrophoretic analysis 
are illustrated in FIGS. 1 through 3. 
The genetically bred hypertensive rats used in the 

experiments of which this example is representative 
were spontaneously hypertensive rats (hereinafter 
“SHR”) bred as set forth in Okamoto, K. and Aoki, K., 
Japanese Circulation Journal 27: 282-293, 1963, and 
were obtained from the National Institutes of Health, 
Bethesda, Maryland, U.S.A. The normotensive control 
rats were the genetic parents of the SHR, namely Wis 
tar Kyoto rats, obtained from the same source as the 
SHR rats. The Wistar Kyoto normotensive control rats 
will be referred to hereinafter as “WKYN”. 
Both groups of rats were maintained on Purina Lab 

Chow and water ad libitum. Direct arterial pressure 
was measured through an indwelling Teflon-Tygon 
catheter placed in the left common carotid artery of the 
rats. Concerning the two rats whose gels were selected 
for this Example, the blood pressure of the SHR rat was 
212/134 mm Hg systolic/diastolic and the blood pres 
sure of the WKYN rat was 134/100 mm Hg. Based on 
the great difference between these values, it is readily 
apparent that the SHR rat was hypertensive. The hy 
pertension was caused by genetic factors. Accordingly, 
the SHR rat is considered to be a model of human hy 
pertension and, more particularly, a model of human 
essential hypertension. 
Blood was obtained from conscious rats through the 

carotid artery catheter and placed into cold heparinized 
tubes. Plasma and cellular components were separated 
by centrifugation and the plasma was stored at — 80° C. 
The plasma proteins were resolved by discontinuous 
SDS polyacrylamide gel electrophoresis using the appa 
ratus and compositions described hereinbefore and set 
forth more particularly as follows. 
The resolving gel comprised acrylamide in an expo 

nential gragradient from 8 to 25% prepared by standard 
techniques using a 10 m1 mixing volume. Tris-HCl, pH 
8.8, was present in a concentration of 0.375 M. SDS 
concentration was 0.1% and glycerol was present in 
exponential gradient concentrations from 0 to 10%. 
The spacer gel included 6% acrylamide, 0.125 M 

Tris-HCl at pH 6.8, and 0.1% SDS. 
The sample buffer had the following ingredients 

whose percentages are expressed as the ?nal concentra 
tion diluted with an equal volume of the sample: 0.025 
Tris-HCl at pH 6.8, 5% glycerol, and 2% SDS. 
The electrode buffer contained 3.0 g Tris, 14.4 g 

glycine, 0.1% SDS and water to make 1 liter. The elec 
trode buffer had a ?nal pH 8.3. 
The blood plasma sample solutions were prepared by 

diluting the plasma 1:10 with deionized water and then 
mixing the diluted samples one to one with the sample 
buffer. 2-mercaptoethanol to a ?nal concentration of 
5% was added to the sample solution and this solution 
was boiled for 2—5 minutes in a capped tube. An aliquot 
of about 40 ul of sample solution from each rat was 
electrophoresed in a vertical orientation at a constant 
current of about 10 mA overnight. The results of the 
two electrophoresed samples are illustrated in FIG. 1, 
which is a photograph of the actual gels obtained. FIG. 
2 is an enlargement of the left-hand portion of FIG. 1 
showing the area of primary interest, and FIG. 3 is a 
scan of a transparency of the photograph of FIG. 1 
using a soft laser scanning densitometer (Biomed Instru 
ments, Inc.) in the high resolution mode. 
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With reference to FIGS. 1 and 2 wherein like letters 
and numerals represent like elements, gel A is the gel of 
the plasma sample from the SHR rat. Gel B is the gel of 
the sample from the WKYN rat. Various marker prote 
ins having known molecular weights were electro 
phoresed simultaneously adjacent to the samples so that 
relative molecular weight of the proteins in the samples 
could be determined by interpolation. The marker. pro 
teins included insulin, represented by “5K” (5K indi 
cates a molecular weight of about 5,000 daltons); lyso 
zyme at 14.3K; tobacco mosaic virus coat protein at 
17.5K; chymotr'ypsinogen at 27.5K; and catalase at 60K. 
These marker proteins were used as standards through 
out all examples contained herein except for Examples 2 
and 3. p 

In addition to the marker proteins identi?ed by their 
relative molecular weights on the right-hand side of the 
photographs, several additional indicator proteins pres 
ent in the sample solution were used to help determine 
the relative molecular weight of the protein or proteins 
associated with hypertension in the samples. The indica 
tor proteins, generally indicated in the Figures by nu 

. merals, are generally represented on the gels and the 
photographs of the gels by relatively dark bands for 
which relative molecular weights may be easily interpo 
lated. 
Reviewing gel A and gel B in FIGS. 1 and 2, it is 

apparent that they are substantially identical except for 
one horizontal band P1 which is present in gel A but not 
in gel B. Protein band P1 has been found to be represen 
tative of the protein' associated with hypertension. 
Thus, the only apparent difference between gel A and 
gel B is the existence of protein band P1, and the only 
apparent difference between the two rats is that rat A 
has genetically derived hypertension while rat B is nor 
motensive. Protein bands 1 and 2 represent the ?rst 
same indicator protein used to determine the relative 
molecular weight of P1. Proteins bands 3 and 4 repre 
sent the same second indicator protein. Protein bands 5 
and 6 represent the same third indicator protein. The 
indicator protein represented by bands 1 and 2 has a 
molecular weight of about 12,400 daltons. The protein 
represented by bands 3 and 4 has a molecular weight of 
15,300 daltons. The indicator protein represented by 
bands 5 and 6 has a molecular weight of about 27,500 
daltons. Using the molecular weight of the indicator 
proteins and the marker proteins, the calculated relative 
molecular weight (hereinafter “MWr”) of P1 is about 
12,800. 
The word “about” when used herein with respect to 

molecular weights, means i 10%. Thus, when “about” 
is used, it is used because the analytical technique in 
combination with the calculation for determining the 
molecular weights of the proteins gives a result that is 
precise within a range of approximately 10%. 
As used herein, the term “relative molecular weight” 

or “MWr” means the molecular weight of a protein 
based upon the relative position of its representative 
protein band with respect to the protein bands represen 
tative of the indicator proteins and the marker proteins. 
Because the molecular weight is not absolute, the unit 
“daltons” is not used with respect to “relative molecu 
lar weight” or “MWr”. 

It has been determined that protein band Pl does not 
represent any of the proteins usually considered to be 
related to hypertension, namely renin, renin-substrate 
or angiotensin. This conclusion was reached on the 
basis of molecular weight determinations. Thus, while 
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10 
the protein associated with hypertension represented by 
band P1 has a MWr of about 12,700, the molecular 
weight of renin is about 37,000 to about 43,000 daltons. 
The molecular weight of renin-substrate is species de 
pendent and ranges from about 56,000 to 110,000 
daltons. The molecular weight of angiotensin I and 11 
are 1457 and 1171 daltons, respectively. Accordingly, 
P1 appears to be a band representative of a previously 
unknown protein associated with hypertension. 
FIG. 3 is a scan of a transparency of the gel of FIG. 

1 using a soft laser scanning densitometer. With this 
instrument, the density of the protein bands in the trans 
parency can be measured. The scan is labeled to corre 
spond with the labeling of FIG. 1 and FIG. 2. Thus, 
peak 1 and peak 2 of FIG. 3 represent the same protein 
represented by bands 1 and 2 in FIG. 1. Likewise with 
bands 3, 4 and 5, 6. Clearly, there is a difference in scan 
A and scan B in FIG. 3. Peak P1 of scan A is not com 
pletely separate from peak 1 of scan A because the 
protein represented by peak P1 is not well resolved 
from the protein represented by peak 1. Nevertheless, it 
is clear that there is a qualitative difference between the 
respective areas of scan A and scan B in the vicinity of 
peak P1. The scan of FIG. 3 highlights the existence of 
the protein associated with hypertension as represented 
by protein band P1 in gel A for the SHR rat in FIGS. 1 
and 2. 

EXAMPLE 2 

This example is representative of a series of experi 
ments comparing the proteins in urine samples from the 
SHR genetically hypertensive rat and the normotensive 
WKYN rat. Photographs of electrophoretic gels reveal 
the existence of a protein associated with hypertension 
present in the gel of the urine sample of the SHR rat 
which is not present in the otherwise substantially iden 
tical gel of the WKYN rat. 
The SHR rats and the genetically parental age 

matched WKYN rats were obtained from the National 
Institutes of Health, and were maintained on Purina Lab 
Chow and water ad libitum. Urine was collected over 
night and stored at —80° C. An indwelling Te?on 
Tygon catheter was placed in the left common carotid 
artery of each rat. Direct arterial blood pressure was 
measured through the catheter in conscious rats. The 
SHR rat had a blood pressure of 210/164 mm Hg and 
the WKYN rat had a blood pressure of 124/100 mm Hg. 
Thus, it is clear that the SHR rat was hypertensive and 
the WKYN rat was normotensive. 

Proteins from unconcentrated urine samples were 
resolved- by discontinuous SDS polyacrylamide gel 
electrophoresis. Gels with vertical exponential concen 
tration gradients of acrylamide (from 12 to 25% using a 
10 ml mixing volume) were prepared. The composition 
of the resolving gel, spacer gel, electrode buffer and 
sample buffer were the same as those set forth in Exam 
ple l as were the electrophoresis conditions except as 
described below. An aliquot of about 40 pg of urine‘ 
protein from the urine sample solution from each rat 
was prepared by mixing equal volumes of urine and 
sample buffer (50 pl of sample solution frm the WKYN 
rat and 75 pl of sample solution from the SHR rat). The 
samples were electrophoresed simultaneously adjacent 
to a solution containing the marker proteins identi?ed 
on the right-hand side of FIGS. 4 and 5 by their molecu 
lar weights: lysozyme (14.3K), soybean trypsin inhibitor 
(21K), carbonic anhydrase (29K),’olvalbumin (43K), and 
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albumin (68K). The results of this electrophoresis are 
illustrated in FIGS. 4 and 5. 
FIG. 4 is a photograph of the gels of the urine sample 

from the SHR rat (gel C) and from the WKYN rat (gel 
D). Upon inspecting gels C and D, it is clear that gel C 
contains an additional protein band, identi?ed as U1 
(between indicator protein bands 7 and 9) when com 
pared with gel D. Otherwise, gels C and D are substan 
tially identical. Protein bands 7 and 8 in FIG. 4 repre 
sent the same ?rst indicator protein having a molecular 
weight of 10,600 daltons. Protein bands 9 and 10 repre 
sent the same second indicator protein having a molecu 
lar weight of 12,200 daltons. Protein band U1 represents 
the protein associated with hypertension in the SHR rat 
having a relative molecular weight of about 11,400 
interpolated from the molecular weights of the indica 
tor proteins and marker proteins’. 3 

Based on the MWr of the protein represented by band 
U1, this protein is not renin, renin-substrate or angioten 
sin. Accordingly, it is believed that protein band U1 is 
representative of a previously undiscovered protein 
associated With hypertension. 

Since the rats are substantially identical, except that 
the SHR rat has genetically derived hypertension, and 
since the proteins in the urine samples are substantially 
identical, except for the presence of protein band U1 in 
gel C, it has been determined that band U1 represents a 
protein associated with hypertension. No laser scanning 
densitometer scan was made of a transparency of FIG. 
4 because it is believed that the existence of protein 
band U1 is suf?ciently clear in FIG. 4. 

EXAMPLE 3 

This example is representative of experiments to de 
termine what protein distinctions exist in body ?uids, 
particularly urine in this speci?c example, from labora 
tory rats which have been surgically treated to serve as 
models of renal hypertension, one form of secondary 
hypertension. 
Male Sprague-Dawley rats were used for this experi 

ment. They were maintained on standard Purina Lab 
Chow and water ad libitum. Arterial pressure was mea 
sured through an indwelling Te?on-Tygon catheter 
inserted in the left common carotid artery. One group 
of rats was surgically treated by the total ligation of the 
aorta between the renal arteries and just below the 
origin of the superior mesenteric artery to produce" an 
experimental model of severe renal hypertension. These 
rats which'were surgically treated to be experimental 
models of renal hypertension will be referred to herein 
after as “ERH” rats. The surgical method is believed to 
be known to those or ordinary skill in the art and if 
further details concerning the procedure are desired, 
attention is directed to Fernandes, M., Onesti, G., 
Weder, A., Dykyj, R., Gould, A. 13., Kim, K. E. & 
Swartz, C., Journal of Laboratory and Clinical Medi 
cine, 87: 561-567, 1976; Fernandes, M., Fiorentini, R., 
Onesti, G., Bellini, G., Gould, A. B., Hessan, H., Kim, 
K. E. & Swartz, C., Clinical Science & Molecular Medi 
cine, 54: 633-637, 1978; and Bellini, G., Fiorentini, R., 
Fernandes, M., Onesti, G., Hessan, H., Gould, A. B., 
Bianchi, M., Kim, K. E. & Swartz, 0, Clinical Science, 
57: 25-29, 1979. 
A group of age-matched male Sprague-Dawley rats 

were used as controls. To have a fair comparison, the 
control rats were subjected to a sham operation in 
which they were incised, and the aorta between the 
renal arteries below the superior mesenteric artery was 
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manipulated, but not ligated. After 40 days, aliquots of 
urine samples were taken from both groups of rats and 
subjected to discontinuous SDS polyacrylamide gel 
electrophoresis using the same gel and buffer composi 
tions and conditions as in Example 2. The sizes of the 
samples were adjusted to provide easily visible protein 
bands in the region of interest, namely about 10,000 
daltons to about 17,000 daltons. 20 pl of sample solution 
from the EHR rat and 50 ul of sample solution from the 
normotensive rat were used. The same marker proteins 
were used as were used in Example 2. 
Two of the gels that were photographed comprise 

FIG. 5. 
Gel E shows the resolution of the urine proteins in 

the ERH rat 40 days after the operation to make it a 
renal hypertensive model. The ERH rat had a blood 
pressure of 228/ 152 mm Hg. Gel E shows the resolution 
of the urine proteins in the control rat 40 days after the 
sham operation. The control rat had a blood pressure of 
128/104 min Hg. 
The urine from the ERH rat (gel E) contained large 

amounts of protein including high molecular weight 
species, such as albumin, having a molecular weight of 
about 68,000 daltons. The urine of the normotensive 
control rat contained only small amounts of protein 
species with molecular weights above 25,000 daltons. 
This may indicate some defect in the ?ltration process 
in the ERH rats. However, the protein composition of 
the urine of the normotensive control and ERH rats is 
similar for protein species below 25,000 daltons except 
as indicated below. 
The urine from the ERH rat (gel E) contains only one 

additional protein band labeled U2 when compared 
with the gel from the normotensive control rat (gel F) 
in the range below 25,000 daltons. 
The calculated MWr of the protein represented by 

band U2 is 11,400 based on the molecular weights of the 
marker proteins and indicator proteins. Protein bands 
11 and 12 represent the same ?rst indicator protein 
having a molecular weight of 10,600 daltons. Protein 
bands 13 and 14 represent the same second indicator 
protein having a molecular weight of 11,200 daltons. 
Protein bands 15 and 16 represent the same third indica 
tor protein having a molecular weight of 14,300 daltons. 
Because FIG. 5 clearly indicates the existence and 

relative location of protein band U2, there is no corre 
sponding scan of a transparency of FIG. 5 using a laser 
scanning densitometer. 

Based on the MWr of U2, this protein associated with 
hypertension is not renin, renin-substrate or angiotensin. 
Accordingly, the logical conclusion is that protein band 
U2 is representative of a protein associated with hyper 
tension. 

EXAMPLE 4 

This example is representative of experiments di 
rected to the detection and identi?cation of proteins 
associated with hypertension in blood plasma of labora 
tory rats surgically treated to be models of renal hyper 
tension. The surgical technique was the same as the 
technique described with respect to Example 3. One 
additional modi?cation was used in this example as 
described hereinafter. 
Male Sprague-Dawley rats were used and 40 days 

after'being surgically treated as in Example 3, plasma 
samples were taken, diluted 1:10 with deionized water 
and the diluted plasma mixed with an equal volume of 
sample buffer. The blood plasma samples were prepared 
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as described in Example 1. The electrophoretic condi 
tions and compositions were also the same as those in 
Example 1, including the use of the same ?ve marker 
proteins. The proteins in aliquots of about 40 pl of sam 
ple solutions of blood plasma of the rats were resolved 
by discontinuous SDS polyacrylamide gel electropho 
resis producing gels which were photographed and are 
reproduced herein as FIGS. 6 and 7. A scan of FIG. 6 
using a soft laser scanning densitometer is reproduced in 
FIG. 8. Like letters and numerals indicate like elements 
throughout FIGS. 6, 7 and 8. FIG. 7 is an enlargement 
of the relevant‘areas of interest of FIG. 6 and will be 
referred to primarily in this description because of space 
limitations for labeling the elements in FIG. 6. 
With reference to FIG. 7, gel G shows the resolution 

of proteins in blood plasma of a ?rst ERH rat 40 days 
after surgical treatment. This rat had a blood pressure of 
250/156 mm Hg. 

Gel H shows the resolution of proteins in blood 
plasma of the same rat as in gel G after the surgical 
removal of the ischemic left kidney resulted in the nor 
malization of blood pressure to a value of 144/100 mm 
Hg. Thus, gels G and H are of the same rat when it was 
hypertensive and when it was normotensive, respec 
tively. 

Gel I shows the resolution of the proteins in the blood 
plasma of a second EHR rat 40 days after the surgical 
treatment. 'Its blood pressure was 256/172 mm Hg. 
Gel J shows the resolution of‘ proteins in the blood 

plasma of a sham-operated normotensive rat having a 
blood pressure of 134/96 mm Hg 40 days after the oper 
ation. The molecular weights of indicator proteins were 
also calculated to aid in the determination of the MWr 
of the proteins associated with hypertension repre 
sented by the additional protein bands in the region 
below 25.7 K in gels G and I of the ERH rats. 
Comparing gels G, H, I and J as shown in FIG. 7, two 

additional protein bands can be detected and identi?ed 
in gels G and I. Thus, gel G has an additional protein 
band labeled P2 which corresponds to a protein band P3 
in gel I. Protein band P4 in gel G corresponds to protein 
band P5 in gel I. Further reference may be had to the 
scan of FIG. 8 (where the peaks are numbered to corre 
spond with the bands of the‘ gels of FIG. 6) and particu 
larly to the higher resolution portions in the boxes adja 
cent to the main scans. The determination of the relative 
molecular weights of these proteins associated with 
hypertension (P2, P3, P4 and P5) is more dif?cult be 
cause of the unusual, but characteristic behavior of 
these proteins associated With hypertension as will be 
set forth more fully hereinafter with respect to Example 
7. 
Bands P2 and P3 are believed to represent the same 

?rst protein associated with hypertension with a calcu 
lated MWr of about 10,900. Bands P4 and P5 are be 
lieved to represent the same‘second protein associated 
with hypertension with a MWr of about 14,500. Protein 
bands 17, 18, 19 and 20 represent the same ?rst indicator 
protein having a molecular weight of 11,500 daltons. 
Protein bands 21, 22, 23 and 24 represent the same sec 
ond indicator protein having a molecular weight of 
12,600 daltons. Protein bands 25, 26, 27 and 28 represent 
the same third indicator protein having a molecular 
weight of 14,200 daltons. 

Based upon molecular weight determinations, the 
protein or proteins represented by bands P2 and P4 in 
gel G and by bands P3 and P5 in gel I are not renin, 
renin-substrate or angiotensin. 
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This Example is important because it demonstrates 

that there is very little doubt that protein bands P2 and 
P4 (and the similar if not identical protein bands P3 and 
P5, respectively) represent proteins associated with 
hypertension. This is because the same animal was 
tested when it was hypertensive and when it was nor 
motensive. When it was hypertensive, its blood plasma 
included the protein or proteins represented by bands 
P2 and P4 in gel G. When it was normotensive, bands 
P2 and P4 were absent in gel H. Thus, almost all other 
causes for the existence of bands P2 and P4 have been 
eliminated by testing the same animal. 

Based on the unusual migration behavior of these 
proteins associated with hypertension as explained with 
regard to Example 7, protein bands P2 and P4 on gel G 
and protein bands P3 and P5 on ‘gel I may represent the 
same, single protein associated with hypertension. Al 
ternately, bands P2 and P4 may represent related but 
separate proteins associated with hypertension. Bands 
P2 and P4 may represent separate, unrelated proteins, 
both of which are associated with hypertension. The 
inventors are uncertain which of these theories is or are 
correct. The fact is, however, that protein bands P2, P3, 
P4 and P5 exist in hypertensive .rats, but not in normo 
tensive rats. ' 

It appears that the protein represented by band U2 in 
FIG. 5 is substantially similar to the protein represented 
by protein band U1 illustrated in FIG. 4. The protein 
represented by protein bands P3 and P5 of FIGS. 6 
through 8 (the same protein may also be represented by 
bands P2 and P4 of FIGS. 6 through 8 as discussed 
hereinbefore) may be related to the protein represented 
by protein band P1 of FIGS. 1 through 3. 

Thus, in laboratory rats, it appears that the existence 
of proteins associated with hypertension in urine and 
blood plasma indicates a rat is hypertensive, but may 
not indicate whether the hypertension is genetic hyper 
tension or renal hypertension. This conclusion is not 
absolute, however. Nevertheless, at least in body ?uids 
of laboratory rats, it is apparent that a protein in a hy 
pertensive rat which is not present in a normotensive rat 
where the protein has a MWr of about 10,000 daltons to 
about 17,000 daltons and, more particularly, from about 
10,500 daltons to about 16,000 daltons, is a protein 
which is associated with hypertension. 

EXAMPLE 5 

This Example is representative of experiments con 
ducted using blood plasma from human patients with 
essential and secondary hypertension compared to 
blood plasma from normotensive human subjects. 
Blood samples were obtained from hypertensive pa‘ 

tients attending an out-patient clinic and from normo 
tensive subjects within a similar age range. Two pa 
tients, for this Example, had secondary hypertension 
(one with renal parenchymal disease and one with reno 
vascular disease) but neither had a family history of 
essential hypertension. The remaining hypertensive 
patients for this example all had essential hypertension,‘ 
secondary hypertension being excluded by the history, 
clinical examination, urinalysis, serum electrolytes, urea 
nitrogen and serum creatinine. Rapid sequence pyelog 
raphy and renal arteriography were preformed, when 
appropriate, to diagnose renovascular disease. 
Venous blood was withdrawn into Vacutainer recep 

tacles containing EDTA and chilled in ice immediately. 
Plasma and cellular components were separated by 
centrifugation at 4" C. The plasma was stored at —80° 










